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[57] ABSTRACT

New cycloalkano[bldihydroindoles and -indolesul-
phonamides, substituted by heterocycles, of the formula

(D
(CH)p—A—S02—X

(CH3);

in which R1, R2, R3and R*are identical or different and
represent hydrogen, nitro, cyano, halogen, trifluoro-
methyl, carboxyl, hydroxyl or trifluoromethoxy, or
represent a group of the formula —S(O)wR>, in which
R5 denotes alkyl or optionally substituted aryl,
w denotes the number 0, 1 or 2, or
represents alkoxy or alkoxycarbonyl, or benzyloxy,
or
represents a group of the formula —NR®R/, in
which
R6 and R7 are identical or different and
denote hydrogen, alkyl or acyl or
denote aryl, or
denote a group of the formula —S(O)wR?, in
which R3 and w have the abovementioned
meaning,
represent cycloalkyl or
represent optionally substituted alkyl or alke-
nyl,
m represents the number 1, 2, 3 or 4,
n represents the number O, 1 or 2,
~ z represents the number 1, 2, 3 or 4,
A represents a bond or the —NH group,

(Abstract continued on next page.)
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X represents an optionally substituted hetero-
cycle,

Y represents hydroxyl, alkoxy, phenoxy or a
group of the formula —NRSR7, in which
‘R6and R7 have the abovementioned meaning, an
isomeric form thereof or salts thereof are use-
ful to treat thromboembolisms, ischaemias,

asthma and allergies. Processes of making and
chemical intermediates are also disclosed.

14 Claims, No Drawings
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CYCLOALKANOMB)DIHYDROINDOLES AND
-INDOLESULPHONAMIDES SUBSTITUTED BY
HETEROCYCLES

The 1nvention relates to new cycloalkano[b]dihy-
droindoles and -indolesulphonamides substituted by
heterocycles, to processes for their preparation and to
their use in medicaments. |

It is already known that cycloalkanofbldihydroin-
doles and -indolesulphonamides have a thrombocyte
aggregation-inhibiting action {compare DOS (German
Offenlegungsschrift) 3,631,824].

Ne cycloalkano[bldihydroindoles and -indolesul-

phonamides, substituted by hetrocycles, of the general
formula (I)

(D
(CH2)p=A=—=S0—X

(CH3);

I
(CH2)m

I
CO=—Y

R"

in which R!, RZ, R3and R4 are identical or different and
represent hydrogen, nitro, cyano, halogen, trifluoro-
methyl, carboxyl, hydroxyl or trifluoromethoxy, or
represent a group of the formula —S(O),R>, in which
RS denotes straight-chain or branched alkyl having
up to 8 carbon atoms or aryl having 6 to 10 carbon
atoms, which, for its part, is optionally substituted
by halogen, nitro, cyano or trifluoromethyl,
w denotes the number 0, 1 or 2, or
represents straight-chain or branched alkoxy or
alkoxycarbonyl in each case having up to 10
carbon atoms, or benzyloxy, or
represents a group of the formula —NRR7, in
which
R¢ and R7 are identical or different and
denote hydrogen, straight-chain or branched
alkyl or acyl in each case having up to 8
carbon atoms or
denote aryl having 6 to 10 carbon atoms, or
denote a group of the formula —S(O),.R3, in
which R and w have the abovementioned
meaning, |
represent cycloalkyl having 3 to 8 carbon
atoms or
represent aryl having 6 to 10 carbon atoms, or
represent straight-chain or branched alkyl or
alkenyl 1in which case having up to 10 car-
bon atoms, which are optionally substituted
by halogen, hydroxyl, carboxyl, cyano, aryl
having 6 to 10 carbon atoms, straight-chain
or branched alkyl, alkoxy or alkoxycar-
bonyl in each case having up to 8 carbon
atoms or by a group of the formula

Rﬁ
. /
~S(0),R> or =N

R‘?

in which w, R5, R¢ and R7 have the above-
mentioned meaning,
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m represents the number 1, 2, 3 or 4,

n represents the number O, 1 or 2,

z represents the number 1, 2, 3 and 4,

A represents a bond or the —NH group,

X represents a heterocycle having heteroat-
oms from the series comprising nitrogen,
sulphur or oxygen, which is optionally mon-
osubstituted to trisubstituted by identical or
different substituents from the series com-
prising halogen, trifluoromethyl, tn-
fluoromethoxy, straight-chain or branched
alkyl or alkoxy having up to 8 carbon atoms,
phenyl or by a group of the formula —S-
(O)»—R3 or —NR¢R7, in which R5, RS, R7
and w have the abovementioned meaning,

Y represents hydroxyl, alkoxy having up to 8
carbon atoms, phenoxy or a group of the
formula —NRSR7, in which

R6 and R7 have the abovementioned meaning, if
appropriate in an isomeric form, and their
salts, have now been found.

The cycloalkanojbldihydroindoles and -indolesul-
phonamides substituted by heterocycles, according to
the invention, have one or more asymmetric carbon
atoms and can therefore exist in various stereochemical
forms. Regioisomers may also occur. The invention
relates both to the individual isomers and to their mix-
tures.

The compounds according to the invention exist in
stereoisomeric forms which behave either as image and
mirror image (enantiomers) or which do not behave as
image and mirror image (diastereomers). The invention
relates both to the antipodes and to the racemic modifi-
cations and the diastereomer mixtures. The racemic
modifications, like the diastereomers, can be separated
into the stereoisomerically uniform constituents in a
known manner (compare E. L. Eliel, Stereochemistry
of Carbon Compounds, McGraw Hill, 1962).

The cycloalkano[bldihydroindoles and -indolesul-
phonamides substituted by heterocycles, according to
the invention, can also be present in the form of their
salts. In general, salts with organic or inorganic bases or
acids may be mentioned here.

In the context of the present invention, physiologi-
cally acceptable salts are preferred. Physiologically
acceptable salts of the cycloalkano{b]dihydroindoles
and -indolesulphonamides substituted by heterocycles
can be metal salts or ammonium salts of the substances
according to the invention which have a free carboxyl
group. Particularly preferred salts are, for example,
sodium, potassium, magnesium or calcium salts, and
also ammonium salts which are derived from ammonia
Or organic amines, such as, for example, ethylamine, di-
or triethylamine, di- or triethanolamine, dicyclohexyla-
mine, dimethylaminoethanol, arginine, lysine or ethyl-
enediamine.

Physiologically acceptable salts may also be salts of
the compounds according to the invention with inor-
ganic or organic acids. Preferred salts are those with
inorganic acids such as, for example, hydrochloric acid,
hydrobromic acid, phosphoric acid or sulphuric acid, or
salts with organic carboxylic or sulphonic acids such as,
for example, acetic acid, maleic acid, fumaric acid,
malic acid, citric acid, tartaric acid, lactic acid, benzoic
acid or methanesulphonic acid, ethanesulphonic acid,
phenylsulphonic acid, toluenesulphonic acid or naph-
thalenedisulphonic acid.
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Heterocycle in general represents a 5- to 7-mem-
bered, preferably 5- to 6-membered, saturated or unsat-
urated ring which can contain up to two oxygen, sul-
phur and/or nitrogen atoms as heteroatoms and to
which further aromatic or heterocyclic rings can be
fused.

>- and 6-membered rings having an oxygen, sulphur
and/or up to two nitrogen atoms are preferred, which
may also be fused to benzene. .

The following are mentioned as preferred: thienyl,
furyl, pyrrolyl, pyrazolyl, pyridyl pyrimidyl, pyrazinyl,
pyridazinyl, quinolyl, isoquinolyl, quinazolyl, quinox-
azolyl, cinnolyl, thiazolyl, benzothiazolyl, isothiazolyl,
benzisothiazolyl, oxazolyl, benzoxazolyl, isoxazolyl,
imidazolyl, benzimidazolyl indolyl, morpholinyl, pyr-
rolidinyl, piperidyl or piperazinyl. azinyl.

The substances according to the invention surpris-
ingly show a thrombocyte aggregation-inhibiting ac-
tion, and additionally cause an inhibition of thrombox-
ane synthase in 1solated platelets and can be used for the
therapeutic treatment of humans and animals.

Preferred compounds of the general formula (I) are
those in which R1, R2, R3 and R4 are identical or differ-
ent and |
represent hydrogen, fluorine, chlorine, bromine, iodine,

nitro, cyano, trifluoromethyl, trifluoromethoxy,

straight-chain or branched alkyl or alkoxy in each
case having up to 6 carbon atoms, or phenyl, or
represent a group of the formula —NR®R7, in which

R% and R7 are identical or different and

denote hydrogen, straight-chain or branched alkyl
having up to 6 carbon atoms or phenyl, or

represent a group of the formula —S(O),R5, in
which

R3 denotes straight-chain or branched alkyl having

up to 6 carbon atoms, or phenyl, and

w denotes the number 0 or 2,

m represents the number 1, 2 or 3,

n represents the number O or 1,

z represents the number 1, 2 or 3,

A represents a direct bond or the —NH group,

X represents pyridyl, pyrimidyl, pyridazyl, quino-
lyl, morpholinyl, piperidinyl, thienyl, pyrryl,
oxazolyl, 1soxazolyl, imidazolyl, thiazolyl or
isothiazolyl, which are optionally monosubstitu-
ted or disubstituted by identical or different sub-
stituents from the series comprising fluorine,
chlorine, bromine, trifluoromethyl, trifluorome-
thoxy, hydroxyl or straight-chain or branched
alkyl having up to 6 carbon atoms,

Y represents hydroxyl, alkoxy having up to 6 car-
bon atoms, phenoxy or a group of the formula
—NRSR7, in which

R6R7have the abovementioned meaning, if appropri-

ate in an 1someric form, and their salts.

Particularly preferred compounds of the general for-
mula (I) are those in which
R1, R2, R3 and R* are identical or different and repre-

sent hydrogen, fluorine, chlorine, trifluoromethyl or

trifluoromethoxy or straight-chain or branched alkyl
having up to 4 carbon atoms.

m represents the number 1 or 2,

n represents the number O to 1,

z represents the number 1 or 2,

A represents the —NH group

X represents pyridyl, thienyl, pyrryl, imidazolyl, iso-
thiazolyl or thiazolyl, which are optionally substi-
tuted by fluorine, chlorine, bromine, trifluoromethyl,
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4
trifluoromethoxy or straight-chain or branched alkyl
having up to 4 carbon atoms,

Y represents hydroxyl, alkoxy having up to 4 carbon
atoms, phenoxy or a group of the formula —NRSR7,
in which
Réand R7 are identical or different and denote hydro-

gen or straight-chain or branched alkyl having up
to 4 carbon atoms,
if appropriate in an isomeric form, and their salts.
Cycloalkano[blindolesulphonamides are very partic-
ularly preferred.
‘The compounds of the general formula (I)

@D
(CH))py—A—SOr—X

(CH2);

CO—Y

in which R}, R2, R3, R4, A, X, Y, m, n and z have the

abovementioned meaning, can be prepared by a process

in which

[A] in the case in which m represents the number 2,
compounds of the general formula (II)

(1I)
(CH3)py—A—S0—X

(CH2);

N
H

in which R1, R2, R3, R4, A, X, n and z have the
abovementioned meaning, are reacted first with acry-
lonitrile in inert solvents to give the corresponding
cyanoethyl compounds, if appropriate in the presence
of a base, and then hydrolyzed by a customary
method to give the corresponding acids (Y—OH), or
by a process in which
[B] compounds of the general formula (IIT)

R! (II)
RZ
R3 qu—NHz
R* «i:Hz)m
v’
in which
R1, R2 R3 R4and m have the abovementioned mean-
ing, and
Y'-represents carboxyl, (C1-Cgs)-alkoxycarbonyl or
cyano,

are reacted directly with cycloalkanonesulphona-
mides of the general formula (IV)
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(CH2)y—A—S0,—X av)

(CH2),

in which z, n, A and X have the abovementioned
meaning, in inert solvents, if appropriate in the pres-
ence of a catalyst, or |

C] compounds of the general formula (1II) are reacted
first with compounds of the general formula (IVa)

tI:l) (IVa)
(CH3),~NH~C—R

(CH3);

in which

z and n have the abovementioned meaning, and

R represents straight-chain or branched (C;-Cgs)-
alkyl or phenyl,

with subsequent hydrolysis, to give compounds of the

general formula (V)

R V)
R2 (CH2)»—NH;
(CH2);
R’ N
R (éHz)m
So—ot

in which R1, R2, R3, R4 m, n and z have the above-
mentioned meaning, and in a further step are sulpho-
nated with suiphonyl halides of the general formula

(VD)
Hal—S0O;—X (V1)

in which
X has the abovementioned meaning and

s )

X 2,

llﬂzc=CH'—'CN
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Hal represents fluorine, chlorine or bromine, prefera-
bly chlorine,

[D] or in the case in which m represents the number 2,

and A denotes the —NH group, phenylhydrazines of
the general formula (I1la)

| Rl (Iils)
2

R NH—NH;
R‘

in which R!, R2, R3 and R4 have the abovementioned
meaning, are first reacted with the abovementioned
compounds of the general formula (IV) or (IVa) and
subsequently with acrylonitrile, then the cyanoethyl
compounds are hydrolysed to the corresponding
carboxylic acids and in the case of the compounds of
the general formula (IVa) sulphonated in a further
step with the compounds of the general formula (V1)
and additionally in the process [B] and [C] in the case
of the acids (Y—OH), the esters or nitriles are hydro-
lysed by a customary method, in the case of the vana-
tion of the esters (Y =alkoxy, C;—Cg-phenoxy), the
acids are esterified with the appropriate alcohols in
the presence of a catalyst according to & customary
method, if appropriate in inert solvents, in the case of
the amides and sulphonamides (Y =—NRSR7, —NH-
SO,—R5), either the esters directly or the acids, after
customary activation, are reacted with the amines or
sulphonamides of the general formulae (V1la) and

(V1Ib)

HNRSR’ (Vila)

NH,—S0O;—R> (VIib)
in which RS, R¢ and R7 have the abovementioned
meaning, if appropriate in the presence of a catalyst,
and in the case of the cycloalkano[bldihydroin-
dolesulphonamides, the cycloalkano[b]indolesul-
phonamides are reduced in inert solvents in the pres-
ence of a reducing agent, if appropriate the isomers
are separated and in the case of the preparation of the
salts, reacted with an appropriate base or acid.

The processes according to the invention can be illus-

trated by way of example by the following equations:

[A]
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[B]
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-continued

o 2

(CH3),—COOH

NH=-CO-CH;

[D]

CH;3
NH—CO

: : NH_SQCN
i

(CH3)y~—-COOH

Possible solvents for processes [A] to [D] according
to the invention are water or organic solvents which do
not change under the reaction conditions. These prefer-
ably include chlorinated hydrocarbons, such as, for
example, chloroform or methylene chloride, alcohols
such as methanol, ethanol, propano! or isopropanol,
ethers such as diethyl ether, tetrahydrofuran, dioxane,
glycol monomethyl ether or glycol dimethyl ether,
hydrocarbons such as benzene, toluene, xylene, cyclo-
hexane, pentane or mineral oil fractions, dimethyl
sulphoxide, dimethyl formamide, hexamethylphos-
phoramide, ethyl acetate, acetonitrile or pyridine. It is
also possible to use mixtures of the solvents mentioned.

Possible bases for processes [A] to [D] according to
the invention are customary basic compounds. These
preferably include alkali metal hydroxides and alkaline
earth metal hydroxides such as lithium hydroxide, so-
dium hydroxide, potassium hydroxide or barium hy-
droxide, alkali metal hydrides such as sodium hydride,
alkali metal carbonates or alkaline earth metal carbon-
ates such as sodium carbonate, potassium carbonate, or
alkali metal alkoxides such as, for example, sodium
methoxide or sodium ethoxide, potassium methoxide,
potassium ethoxide or potassium tert.-butoxide or am-
~ides such as sodium amide or lithium diisopropyldmide,
Or organic amines Oor ammonium salts such as benzyl-

45
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trimethylammonium hydroxide, tetrabutylammonium
hydroxide, pyndine, triethylamine or N-methylpiper:-
dine.

Processes [A] to [D] according to the invention are in
general carried out in a temperature range from —20°
C.to +150° C.

In general, processes [A] to [D] are carried out at
normal pressure. However, it 1s also possible to work at
elevated pressure or at reduced pressure (for example
from 0.5 to 5 bar).

The nitriles are hydrolysed in a manner known per se
in water or in one of the abovementioned solvents, such
as, for example, ethanol, isopropanol, ethylene glycol or
glyme or their mixtures, in the presence of bases, acids,
hydrogen peroxide or alkali metal or alkaline earth
metal peroxides, if appropriate in catalytic amounts.

Suitable peroxides are, for example, sodium peroxide
or barium peroxide.

Suitable bases are alkaline earth metal hydroxides or
alkali metal hydroxides, such as, for example, sodium
hydroxide, potassium hydroxide or barium hydroxide.
Sodium hydroxide is preferred.

Suitable acids are the customary acids. These prefera-
bly include inorganic acids such as hydrochloric acid or
sulphuric acid.
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The hydrolysis of the nitriles is in general carried out
in a temperature range from —20° C. to +4200° C,,
preferably from +-20° C. to +150° C. |

The esters are hydrolysed by a customary method, by
treating the esters in inert solvents with customary
bases, it being possible to convert the initially resulting
salts into the free carboxylic acids by treating with acid.

Suitable bases for the hydrolysis are the customary
inorganic bases. These preferably include alkali metal
hydroxides or alkaline earth metal hydroxides such as,
for example, sodium hydroxide, potassium hydroxide or
bartum hydroxide, or alkali metal carbonates such as
sodium carbonate or potassium carbonate.

Suitable solvents for the hydrolysis are water or the
organic solvents customary for hydrolysis. These pref-
erably include alcohols such as methanol, ethanol, pro-
panol, isopropanol or butanol, or ethers such as tetrahy-
drofuran or dioxane, or dimethylformamide or dimethyl
sulphoxide. Water or alcohols such as methanol, etha-
nol, propanol or isopropanol are particularly preferably
used.

It is also possible to use mixtures of the solvents men-
tioned.

The hydrolysis 1s in general carried out in a tempera-
ture range from 0° C. to +140° C,, preferably from
+20° C. to +100° C.

In general, the hydrolysis is carried out at normal
pressure. However, it is also possible to work at ele-
vated pressure or at reduced pressure (for example from
0.5 to 5 bar).

When carrying out the hydrolysis, the base is in gen-
eral employed in an amount from 1 to 10 moles, prefera-
bly from 1 to 5 moles, relative to 1 mole of the ester.

When carrying out the reaction, the carboxylates of
the compounds according to the invention are formed
in the first step as intermediates which can be 1solated.
The acids according to the invention are obtained by
treating the carboxylates with customary inorganic
acids. These preferably include mineral acids such as,
for example, hydrochloric acid, hydrobromic acid, sul-
phuric acid or phosphoric acid. In tis connection, it has
proved advantageous in the preparation of the carbox-
ylic acids to acidify the basic reaction mixture from the
hydrolysis 1n a second step without isolation of the
carboxylates. The acids can then be 1solated 1n a cus-
tomary manner. In the case of the basic heterocycles,
the salts of these heterocycles with the inorganic acids
can also be obtained by treating the solutions of the
carboxylates with the abovementioned acids.

The acids are esterified according to a customary
method, by reacting the acids in the presence of a cata-
lyst with the corresponding alcohols, if appropnate in
one of the abovementioned solvents. Preferably, this
alcohol is also employed as a solvent.

Catalysts which can be employed are inorganic acids,
such as, for example, sulphuric acid or inorganic acid
chlorides, such as, for example, thionyl chloride.

In general, 0.01 to 1, preferably 0.05 to 0.5 mole of
catalyst is employed, relative to 1 mole of reactant.

The amidation is carried out in one of the abovemen-
tioned solvents, preferably in alcohols such as ethanol
or methanol, in a temperature range from 0° C. to +80°
C., preferably from +10° to +30° C., and at normal
pressure.

Both the esterification and the amidation can proceed
via the activated stage of the acid halides (I, Y=halo-
gen), which can be prepared from the corresponding
acid by reaction with thionyl chloride, phosphorus

10

15

20

23

30

35

45

55

60

65

12

trichloride, phosphorus pentachloride, phosphorus tri-
bromide or oxalyl chloride.

The compounds of the general formula (II) are new.
They can be prepared by a process in which phenylhy-

drazines of the general formula (I11a)
Rl (I1la)
R2
R3 NH—NH-
R4
in which R!, R2, R3 and R#4 have the abovementioned
meaning, are reacted with cycloalkanonesulphonamides
of the general formula (IV)
(CHp)»—A—S02—X )
(CH2);
O

in which A, X, n and z have the abovementioned mean-
ing, in analogy to the reaction conditions given under
process [B].

Hydrazines which are employed for the process ac-
cording to the invention are, for example: phenylhydra-
zine, 4-methoxyphenylhydrazine, 4-chlorophenylhy-
drazine, 4-fluorophenylhydrazine, 4-methylphenylhy-

drazine, 2,4-difluorophenylhydrazine, 3,5-difluoro-
phenylhydrazine, 3-fluorophenylhydrazine and 2-
fluorophenylhydrazine.

The phenylhydrazines of the general formulae (III)
and (I11a) are known in some cases or can be prepared
by a customary method [compare Houben-Weyl,
“Methoden der organischen Chemie” (Methods of Or-
ganic Chemistry) X/2, page 1, 123, 693; DOS
2,312,256].

The enantiomerically pure compounds of the general

formula (I) according to the invention can be obtained

according to customary methods, for example in anal-
ogy to the process described in DOS 3,631,824. The
reduction of the cycloalkanofblindolesulphonamides is
also described there.

The cycloalkanonesulphonamides of the general for-
mula (IV) are new and can be prepared, however, just
like the known cycloalkanonecarbamides of the formula
(IVa) according to the process published in DOS
3,631,824.

The sulphonyl halides of the formula (VI) can be
prepared by methods which are known per se [compare
Z. Talik and E. PXlazek, Acta Polon. Pharm., 12, §
(1955).

The amines of the general formula (VIIa) are known
[compare Houben-Weyl, “Methoden der organischen
Chemie” (Methods of Organic Chemistry), Vol. X1/1
and X1/21.

The sulphonamides of the general formula (VIIb) are
also known [compare Beilstein, 11, 26].

The cycloalkano[bldihydroindoles and -indolesul-
phonamides substituted by heterocycles, their salts and
isomers can be employed as active compounds in medi-
caments. The substances have a thrombocyte aggrega-
tion-inhibiting and thromboxane Aj-antagonistic action
and inhibit thromboxane synthase in isolated platelets.
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They can be employed for the treatment of thromboem-
bolic disorders and ischaemias such as myocardial in-
farct, stroke, transitory and ischaemic attacks, angina
pectoris, peripheral circulatory disorders, prevention of
restenoses such as after thrombolytic therapy, percutan-
eous transluminal angioplasty (PTA), percutaneous
transluminal coronary angioplasty (PTCA), bypass and
for the treatment of arteriosclerosis, asthma and aller-
gies. |

To determine the thrombocyte aggregation-inhibit-
ing action, blood from healthy subjects of both sexes
was used. 3.8% strength aqueous sodium citrate solu-
tion was admixed to 9 parts of blood as an anticoagu-
lant. Platelet-rich citrate plasma (PRP)! was obtained
from this blood by means of centrifugation (Jiirgens/-
- Beller, Klinische Methoden der Blutgerinnungsanalyse
(Clinical Methods of Blood Coagulation Analysis):
Thieme Verlag, Stuttgart, 1959).

For these investigations, 0.8 ml of (PRP)! and 0.1 ml
of the active compound solution were preincubated in
the water bath at 37° C. The thrombocyte aggregation
was then determined by the turbidometric method
(Born, G. V. R, J. Physiol, (London), 162, 67, 1962) in
an aggregometer at 37° C. (Therapeutische Berichte 47,
80-86, 1975). For this purpose, 0.1 ml of collagen, an
aggregation-inducing agent, was added to the prein-
cubated sample. The change of the optical density in the
sample of the (PRP) was recorded for a period of 6
minutes and the deflection determined after 6 minutes.
For this purpose, the percentage inhibition compared to
the control was calculated.

The range of the minimum effective concentration
was given as the threshold concentration.

Example TAI threshold
No. concentration (ug/ml)

7 0.01-0.03

‘8 0.1-0.3
9 0.03-0.1

10 0.03-0.1

11 0.003-0.01

12 0.1-0.3

Measurement of thromboxane synthase in washed
human thrombocytes.

1. Preparation of thrombocyte suspensions

Blood from healthy donors is taken up in EDTA (1%
in 0.9% NaCl, 9+ 1) and centrifuged at 1,000 rpm (150

g) for 20 min. The platelet-rich plasma (PRP)? is si- 50

phoned off and in each case 10 ml is centrifuged at 2,500
rpm for 20 min. The platelet-rich plasma? is decanted
off. The remaining platelets are suspended in 5 ml of
resuspension buffer (0.15M TRI1S/0.9% NaCl/77 mmol
EDTA, 8:9:1; adjusted to pH 7.4 with 1N HCI), centri-
fuged at 2,500 rpm for 20 min and suspended in 1 ml of
resuspension buffer. The thrombocyte number is ad-
justed to 3XX10°/ul.

2. Measurement of the thromboxane synthase

1 ml of the platelet suspension and 0.01 ml of the test
preparation in 10% DMSO are incubated at 37° C. for 2
min. 0.1 mi of H-arachidonic acid from Amersham
Buchler GmbH and Co. KG (6.6 X 10—5 mol/]) having
a specific activity of 140 MBgq/mmol are added to this
and the mixture is incubated at 37° C. for a further 10
min. After the reaction, the mixture is acidified with
about 0.02 mi of 0.5N citric acid and immediately ex-
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tracted 3 times with 1 ml portions of ethyl acetate. The
supernatants are collected in 10 ml glass tubes and the
ethyl acetate is blown off at 25° C. under Nj. The resi-
due is taken up in 50 ul of MeOH/CHCI; (1:1) and
applied to glass TLC plates (silica gel 60, F254, 2020
cm, Merck).

Separation is carried out in an eluant mixture of
CHCl3/MeOH/glacial acetic acid/H;0O (80:8:1:0.8).
The distribution of the radioactivity is detected in a
Ramona-Ls TLC scanner from Raytest and quantita-
tively interpreted using an integration programme.

The concentration of the test substances which leads
to a 50% inhibition of thomboxane formation compared
to the control is determined.

Inhibition of the thromboxane synthase in washed
platelets from human blood.

Thromboxane receptor binding test in human
thrombocyte membranes

(2) Membrane preparation

The biood taken the evening before by standard
methods was centnifuged at 10° C. and 2,800 rpm for 10
min in the morning. 10 uM indomethacin was added to
the Buffy coat resulting in the course of this as a layer
between the platelet-poor plasma and the erythrocytes.
A preparation of thrombocyte membranes was made
from the Buffy coat by a method which has been de-
scribed by Barber and Jamieson (compare Barber, A. J.,
Jamieson, G. A.: Isolation and characterization of
plasma membranes from human blood platelets, J. Biol,
Chem. 245, 6357-6365, 1970). As the most important
step, thrombocytes are loaded with glycerol in the
course 1n this and brought to lysis by means of osmotic
shock. |

The washed membranes thus obtained were resus-
pended in tris-NaCl-glucose buffer (50 mM tris, 100 mM -
NaCl, 5 mM glucose, pH 7.4), rapidly frozen in dry ice
and stored at —70° C.

(b) Displacement studies

For the displacement studies, 100 ug of membrane
protein and about 5 nM of 3H-(3R)-3-(4-fluorophenyl-
sulphonamido)-9-(2-carboxyethyl)-1,2,3,4-tetrahydro-
4a,4S3-carbazole [for preparation compare DOS
3,631,824, the radioactive labelling is carried out by a
method known from the literature] were incubated in a
total volume of 1 ml of tris-NaCl-glucose buffer. In-
creasing concentrations of the displacing non-labelled
compounds according to the invention dissolved in
DMSO were added to the starting mixture (final con-
centration, 0.5% DMSO, relative to the assay volume).

‘The substance concentration 1Csg, which is required
in order to displace 50% of the specific binding, was
determined with the aid of a logit-log plot according to
HIL L. The inhibition constant K;was determined from
the 1Cs0 and the dissociation constants K p (determined
by Scatchard analysis).

The present invention also includes pharmaceutical
preparations which contain one or more compounds of
the general formula (I), or which consist of one or more
active compounds of the formuia (I) in addition to inert,
non-toxic, pharmaceutically suitable auxiliaries and
excipients, and a method for the production of these
preparations.

The active compounds of the formula (I) are intended
to be present in these preparations in a concentration of
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0.1 to 99.5% by weight, preferably of 0.5 to 95% by
weight of the total mixture.

In addition to the active compounds of the formula

(I), the pharmaceutical preparations may also contain
other pharmaceutical active compounds.

The abovementioned pharmaceutical preparations
can be prepared in a customary manner by known meth-
ods, for example with the auxiliary (auxiliaries) or ex-
cipient(s).

In general, it has proved advantageous to administer
the active compound (s) of the formula (I) in total
amounts of about 0.03 to about 30 mg/kg, preferably to
about 5 mg/kg of body weight every 24 hours, if appro-
priate in the form of several individual doses, to attain
the desired result.

An individual dose contains the active compound(s),
preferably in amounts of 0.01 to about 10, particularly
preferably 0.1 to 1.0 mg/kg of body weight.

However, it may be advantageous to deviate from the
amounts mentioned, in particular depending on the type
and the body weight of the subject to be treated, on
individual behavior towards the medicaments, the type
and severity of the disorder, the type of preparation and
administration, and the time or interval at which admin-
istration takes place.

Preparation Examples
Example 1

9-(2-Ethoxycarbonylethyl)-3(R)-(4-pyridylsul-
phonamido)-1,2,3,4-tetrahydrocarbazole

tttt

09 g (2.3 mmol) of 9-(2-carboxyethyl)-3(R)-(4-
pyridylsulphonamido)-1,2,3,4-tetrahydrocarbazole is
dissolved in 50 ml of ethanol p.a., 3 ml of concentrated
sulphuric acid are added and the mixture 1s boiled under
reflux for 1.5 hours with stirring. After cooling to room
temperature, 12.0 g of sodium hydrogen carbonate are
added, water 1s added after the evolution of gas has
ended and the mixture is extracted several times with
ethyl acetate. The combined organic phases are dried
with sodium sulphate and the solvent evaporated there-
from. The crude product is purified by chromatography
on silica gel 60 (40-63 um, Merck, eluant:
CH>Cl:CH30OH = 10:1). Rr=0.63
(CH2Clip:CH30H=10:1)

The examples shown in Table 1 are prepared in anal-

ogy to the procedure of Example 1:
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TABLE 1
\“NHSOZ—X
|
(CHy)»—COy—C;yHs
Example No. X Ry Eluant
2 ' 0.60 a)
N =
3 ' 0.78 a)
/' \_q
m—— N
4 S C 0.47 b)
5 S 0.40 C)
Y ]
N
6 0.73 d)
- N
Eluant systems:
a} Toluene/ethyl] acetate = 1:]
b) Methylene chlonde:methanol = 100:1
¢) Toluene:ethyl acetate = 2:1
d) Methylene chloride:methanol = 10:1
Example 7

9-(2-Carboxyethyl)-3(R)-(4-pyridylsulphonamido)-
1,2,3,4-tetrahydrocarbazole

“““

1.3 g (3.4 mmol) of 9-(2-cyanoethyl)-3(R)-(4-pyridyl-
sulphonylamino)-1,2,3,4-tetrahydrocarbazole are dis-
solved 1in 10 ml of ethanol, 80 ml of 10% strength so-
dium hydroxide solution are added and the mixture is
heated to reflux for 5 hours. It is then cooled to room
temperature and extracted with dichloromethane. After
the removal of residual organic solvent from the ague-
ous phase in vacuo, the solution is cooled to 0° C. and
acidified to pH=2 with hydrochloric acid, and the
product obtained is filtered off with suction and washed
several times with water. The product is dried in a high
vacuum over phosphorus pentoxide and sodium hy-
droxide and purified by chromatography (silica gel 60,
40-63 pum, Merck, eluant: CHCl2:CH30H=10:1)
Rr=0.30 (CH,Cl=CH30H=10:1)
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The examples shown in Table 2 are prepared in anal-

ogy to the procedure of Example 6:

TABLE 2
T NHSOs—X
|
(CH32);—COOH
Example No. X Ry Eluant
8 0.32 )
N =
9 0.23 e)
/ \ Cl
— N
10 S Cl 0.08 e)
11 S 0.36 e)
Y_] '
N |
12 0.22 e)
= N
Eluants:

¢) Methylene chionde:methanol = 10:1

What 1s claimed is:

1. A heterocyclyl substituted cycloalkanofbldihy-
droindole or -indolesulphonamide of the formula

(D
(CHy)p—A—SOr—X

(CH;);

CO—Y

in which R, R2, R3 and R4 are identical or different and
represent hydrogen, nitro, cyano, halogen, trifluoro-
methyl, carboxyl, hydroxyl or trifluoromethoxy, or
represent a group of the formula —S(0)R3, in which
R> denotes straight-chain or branched alkyl having
up to 8 carbon atoms or aryl having 6 to 10 carbon
atoms, which is optionally substituted by halogen,
nitro, cyano or trifluoromethyl,
w denotes the number 0, 1 or 2, or
represents straight-chain or branched alkoxy or
alkoxycarbonyl in each case having up to 10
carbon atoms, or benzyloxy, or
represents a group of the formula —~NROR7, in
which
R¢% and R7 are identical or different and
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denote hydrogen, straight-chain or branched
alkyl or acyl in each case having up to 8
carbon atoms or

denote aryl having 6 to 10 carbon atoms, or

denote a group of the formula —S(O),R>, in
which R> and w have the abovementioned
meaning,

represent cycloalkyl having 3 to & carbon
atoms or

represent aryl having 6 to 10 carbon atoms, or

represent straight-chain or branched alkyl or
alkenyl in each case having up to 10 carbon
atoms, which are optionally substituted by
halogen, hydroxyl, carboxyl, cyano, aryl
having 6 to 10 carbon atoms, straight-chain
or branched alkyl, alkoxy or alkoxycar-
bonyl in each case having up to 8 carbon
atoms or by a group of the formula

Rﬁ
/
—S(O) R or =N

R'?

in which w, R3, R6and R7 have the above-
mentioned meaning,

m represents the number 1, 2, 3 or 4,

n represents the number O, 1 or 2,

z represents the number 1, 2, 3 or 4,

A represents a bond or the —NH group,

X represents pyridyl, pyrimidyl, pyridazyl,
quinolyl, morpholinyl, piperidinyl, thienyl,
pyrryl, oxazolyl, isoxazolyl, imidazolyl, thi-
azolyl or isothiazolyl, which are optionally
monosubstituted or disubstituted by 1denti-
cal or different substituents selected from
the group consisting of fluorine, chlorine,
bromine, trifluoromethyl, trifluoromethoxy,
hydroxyl or straight-chain or branched
alkyl having up to 6 carbon atoms,

Y represents hydroxyl, alkoxy having up to 8
carbon atoms, phenoxy or a group of the
formula —NRSR’, in which

Réand R7 have the abovementioned meaning, an
isomeric form thereof, or a salt thereof.

2. A heterocyclyl substituted cycloalkano[b]dihy-
droindole or -indolesulphonamide according to claim 1
in which R1, R2, R3and R4 are identical or different and
represent hydrogen, fluorine, chlorine, bromine, iodine,

nitro, cyano, trifluioromethyl, trifluoromethoxy,

straight-chain or branched alkyl or alkoxy in each
case having up to 6 carbon atoms, or phenyl, or
represent a group of the formula —NRSR7, in which

R% and R’ are identical or different and

denote hydrogen, straight-chain or branched alkyl
having up to 6 carbon atoms or phenyl, or
represent a group of the formula —S(0),R5, in
which
R denotes straight-chain or branched alkyl hav-
ing up to 6 carbon atoms, or phenyl, and
“w denotes the number O or 2,
m represents the number 1, 2 or 3,
n represents the number O or 1,
Z represents a number 1, 2 or 3,
A represents a direct bond or the —NH group,
X represents pyridyl, pyrimidyl, pyridazyl, quin-
olyl, morpholinyl, piperidinyl, thienyl, pyrryl,
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oxazolyl, 1soxazolyl, imidazolyl, thiazolyl or
isothiazolyl, which are optionally monosubsti-
tuted or disubstituted by identical or different
substituents selected from the group consisting
of fluorine, chlorine, bromine, trifluoro- s
methyl, trifluoromethoxy, hydroxyl or
straight-chain or branched alkyl having up to
6 carbon atoms,

Y represents hydroxyl, alkoxy having up to 6
carbon atoms, phenoxy or a group of the for-
mula —NR®R7, in which

R and R7 have the abovementioned meaning, an

1isomeric form thereof, or a salt thereof.

3. A heterocycly! substituted cycloalkano[bldihy-
droindole or -indolesulphonamide according to claim 1
in which
R1, R2, R3 and R4 are identical or different and repre-

sent hydrogen, fluorine, chlorine, trifluoromethyl or

trifluoromethoxy or straight-chain or branched alkyl
having up to 4 carbon atoms,

m represents the number 1 or 2,

n represents the number O or 1,

z represents the number 1 or 2,

A represents the —NH group,

X represents pyridyl, thienyl, pyrryl, imidazolyl, iso-
thiazolyl or thiazolyl, which are optionally substi-
tuted by fluorine, chlonne, bromine, trifluoromethyl,
trifluoromethoxy or straight-chain or branched alkyl
having up to 4 carbon atoms,

Y represents hydroxyl, alkoxy having up to 4 carbon
atoms, phenoxy or a group of the formula —NR¢R7,
in which R% and R’ are identical or different and
denote hydrogen or straight-chain or branched alky!
having up to 4 carbon atoms, an isomeric form
thereof, or a salt thereof.

4. The heterocyclyl substituted cycloalkanof[bldihy-
droindole or -indolesulphonamide according to claim 1,
which is 9-(2-carboxyethyl)-3(R)-(4-pyridylsul-
phonamido)-1,2,3,4-tetrahydrocarbazole having the
formuia

/
N '

COOH
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5. The heterocyclyl substituted cycloalkano{bldihy-
droindole or -indolesulphonamide according to claim 1,
which is 9-(2-carboxyethyl)-3(R)-(2-pyridylsul-
phonamido)-1,2,3,4-tetrahydrocarbazole having the

formula >3

smsor N
N =

N

|
(CHz);~—COOH

635

6. The heterocyclyl substituted cycloalkano[bjdihy-
droindole or -indolesulphonamide according to claim 1,
which is 9-(2-carboxyethyl)-3(R)-(2-chloro-5-pyridyl-

20

sulphonamido)-1,2,3,4-tetrahydrocarbazole having the
formula

“““

(CH3)>—COOH

7. The heterocyclyl substituted cycloalkano{b]dihy-
droindole or -indolesulphonamide according to claim 1,
which is 9-(2-carboxyethyl)-3(R)-(2-chloro-5-thienyl-
sulphonamido)-1,2,3,4-tetrahydrocarbazole having the
formula

(CH2)»—COOH

8. The heterocycly! substituted cycloalkano{b]dihy-
droindole or -indolesulphonamide according to claim 1,
which 1s 9-(2-carboxyethyl)-3(R)-(1,3-thiazol-2-ylsul-
phonamido)-1,2,3,4-tetrahydrocarbazole having the
formula

tttt

(CH;),—COOH

9. The heterocyclyl substituted cycloalkano[b]dihy-
droindole or -indolesulphonamide according to claim 1,
which is 9-(2-carboxyethyl)-3(R)-(3-pyridylsul-
phonamido)-1,2,3,4-tetrahydrocarbazole having the
formula

“““

(CH2),—COOH

10. A composition for the tfreatment of thromboem-
bolism, 1schaemias, asthma and allergies comprising an
amount effective therefor of a heterocyclyl substituted
cycloalkano[b]dihydroindole or -indolesulphonamide
according to claim 1 and a pharmaceutically acceptable
carrier.

11. The composition according to claim 10 wherein
the heterocyclyl substituted cycloalkano[b]dihydroin-
dole or -indolesulphonamide 1s selected from the group
consisting of
9-(2-carboxyethyl)-3(R)-(4-pyndylsulphonamido)-

1,2,3,4-tetrahydrocarbazole, |
9-(2-carboxyethyl)-3(R)-(2-pyridylsulphonamido)-

1,2,3,4-tetrahydrocarbazole,
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9-(2-carboxyethyl)-3(R)-(2-chloro-5-pyridylsul-
phonamido)-1,2,3,4-tetrahydrocarbazole,
9-(2-carboxyethyl)-3(R)-(2-chloro-5-thienylsul-
phonamido)-1,2,3,4-tetrahydrocarbazole,
9-(2-carboxyethyl)-3(R)~(1,3,-thiazol-2-ylsul- 3
phonamido)-1,2,3,4-tetrahydrocarbazole, or
9-(2-carboxyethyl)-3(R)-(3-pyridylsulphonamido)-
1,2,3,4-tetrahydrocarbazole.

12. A method for the treatment of thromboembo-
lisms, ischaemias, asthma and allergies in a patient,
which comprises administering to the patient an effec-
tive amount therefor of a heterocyclyl substituted cy-
cloalkanofb]dihydroindole or -indolesulphonamide ac-
cording to claim 1. | 15

13. The method according to claim 12 wherein the
heterocyclyl substituted cycloalkano[b]dihydroindole
or -indolesulphonamide is selected from the group con-
sisting of
9-(2-carboxyethyl)-3(R)-(4-pyridylsulphonamido)- 20

1,2,3,4-tetrahydrocarbazole,
9-(2-carboxyethyl)-3(R)-(2-pyridylsulphonamido)-

1,2,3,4-tetrahydrocarbazole,
9-(2-carboxyethyl)-3(R)-(2-chloro-5-pyridylsul-

phonamido)-1,2,3,4-tetrahydrocarbazole, 25
9-(2-carboxyethyl)-3(R)-(2-chloro-5-thienylsul-

phonamido)-1,2,3,4-tetrahydrocarbazole,
9-(2-carboxyethyl)-3(R)-(,3,-thiazol-2-ylsulphonamido)-

1,2,3,4-tetrahydrocarbazole, or

10

: : 30
9-(2-carboxyethyl)-3(R)-(3-pyridylsulphonamido)-
1,2,3,4-tetrahydrocarbazole.
14. A compound of the formula
R | (1) 35
R2 (CH2)p™ A==50;—X
(CH3);
R3 N
R4 H ©

in which R1i, R2, R3and R4 are identical or different and
represent hydrogen, nitro, cyano, halogen, trifluoro-
methyl, carboxyl, hydroxyl or trifluoromethoxy, or 45
represent a group of the formula —S(0O),R3, in which
R> denotes straight-chain or branched alkyl having
up to 8 carbon atoms or aryl having 6 to 10 carbon
atoms, which is optionally substituted by halogen,
nitro, cyano or trifluoromethyl, S0
w denotes the number 0, 1 or 2, or

35
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represents straight-chain or branched alkoxy or
alkoxycarbonyl in each case having up to 10
carbon atoms, or benzyloxy, or
represents a group of the formula —NRSR7, in
which
R6 and R7 are identical or different and
denote hydrogen, straight-chain or branched
alkyl or acyl in each case having up to 8
carbon atoms or
denote aryl having 6 to 10 carbon atoms, or
denote a group of the formula —S(0),R3, in
which R5 and w have the abovementioned
meaning,
represent cycloalkyl having 3 to 8 carbon
atoms or
represent aryl having 6 to 10 carbon atoms, or
represent straight-chain or branched alkyl or
alkenyl in each case having up to 10 carbon
atoms, which are optionally substituted by
halogen, hydroxyl, carboxyl, cyano, aryl
having 6 to 10 carbon atoms, straight-chain
or branched alkyl, alkoxy or alkoxycar-
bonyl in each case having up to 8 carbon
atoms or by a group of the formula

RG
/
~S(0),R” or =N
R7

in which

w, R5 R¢ and R7 have the abovementioned
meaning,

n represents the number O, 1 or 2,

z represents the number 1, 2,3 or 4,

A represents a bond or the —NH group,

X represents pyridyl, pynmidyl, pyndazyl,
quinolyl, morpholinyl, piperidinyl, thienyl,
pyrryl, oxazolyl, isoxazolyl, imidazolyl, thi-
azolyl or isothiazolyl, which are optionally
monosubstituted or disubstituted by identi-
cal or different substituents selected from
the group consisting of fluorine, chlorine,
bromine, trifluoromethyl, trifluoromethoxy,
hydroxyl or straight-chain or branched
alkyl having up to 6 carbon atoms,

Y represents hydroxyl, alkoxy having up to 8
carbon atoms, phenoxy or a group of the
formula —NR®R7, in which

R¢ and R7 have the abovementioned meaning.
E % % =2 %
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